SPELLING DEFICITS IN CHILDREN WITH DYSLEXIA
and larger word length effects in both written latencies and inter-letter interval durations than a 1 control group. However, both groups exhibited similar P-O consistency effects. The authors 2 concluded that writing difficulties in DD involve deficits at the orthographic lexicon and OWM 3 levels, and that the sublexical route of spelling was relatively spared. 4 As stated above, phonological impairments affecting spelling have been previously 5 observed in children with dyslexia (Angelelli, 2004; Caravolas & Volín, 2001) . Of course, DD is 6 a heterogeneous deficit that might be more related to lexical deficits in some cases and to 7 phonological impairments in others. Moreover, Spanish is a language with a relatively 8 transparent orthography. This is a crucial point that has been often linked to the higher 9 prevalence of surface dyslexia compared to phonological dyslexia in Spanish-speaking 10 populations (Jiménez-González & Ramírez-Santana, 2002; Rack, Snowling, & Olson, 1992) . It 11 might well be the case that even Spanish children with DD are able to eventually learn the fairly 12 consistent relationship between phonemes and graphemes of their language. Thus, Afonso et al. 13 (2015) suggested that initial deficits affecting the sublexical route in DD during childhood may 14 have been overcome in adulthood as a result of the repeated exposure to written language. In the 15 present study, we manipulated the same variables studied in this previous study and we asked 16 participants with DD, chronological age-matched (CA) peers and reading-ability matched (RA) 17 peers to perform the same tasks, to see whether or not the same spelling deficits arise in Spanish 18 children with DD. Namely, we address the following research questions: 19 1. Are impairments to the orthographic output lexicon and to the orthographic working Twenty children with DD (ages 8;0 to 12;0, mean age 9;35), twenty CA-matched controls 8 (ages 8;0 to 12;0, mean age 9;7) and twenty RA-matched controls (ages 7;6 to 9;9, mean age 8;2) 9 participated in this study. Across groups, they were matched by gender (7 females and 13 males 10 per group). Participants were recruited from several public primary schools in Oviedo and Gijón 11 (Asturias, Spain), two areas of similar socioeconomic status. In these schools, handwriting was 12 not formally taught at the grades tested and spelling instruction focuses on the learning of 13 orthographic rules of Spanish and exception words. All the participants were native Spanish 14 speakers and had no known motor or perceptual disorders. All of them had an intelligence 15 quotient (IQ) of 85 or higher according to the Wechsler Intelligence Scale for Children (WISC).
16
Children were considered for inclusion in the group with DD if they appeared in the school's 17 counsellor register as having developmental dyslexia. For each child included in the group with 18 DD, a child attending the same class and considered by the counsellor not to suffer from reading 19 disabilities was considered for inclusion the CA group. Children in the RA group were recruited 20 from the same school to match the RA and gender of each child included in the group with DD.
21
A battery designed to assess reading, "Batería de Evaluación de los Procesos Lectores - .68), half of them short and the other half long. Children were included in the DD group if both 7 their accuracy and reading speed score were two standard deviations below the age mean in both 8 sections according to age norms provided by PROLEC-R. Children were included in the CA 9 group if they had an age appropriate score in both sections. Younger children with the same 10 reading age as children in the DD group were selected to be included in the RA group. Means, 11 standard deviations and p values for demographic characteristics and scores obtained in reading 12 assessment tests are provided in Table 1 . None of the participants with dyslexia had received 13 systematic treatment from a speech or occupational therapist for their reading impairment. SORPRESA, [sor'presa], surprise). For the lexical frequency manipulation, words with a 2 frequency above 150 occurrences within a corpus of 2,600,000 words according to the values 3 provided by ONESC (Martínez & Pérez, 2008) were considered high-frequency words and those 4 with a frequency below 25 occurrences were considered low-frequency words. Regarding word 5 length, short words had 4 to 5 letters and long words had 7 to 9 letters. Across all conditions, 6 words were controlled by orthographic neighbourhood. Excepting those conditions in which 7 these variables were manipulated, word frequency, P-O consistency and word length (number of 8 letters and syllables) were also controlled across different conditions. The full set of 9 experimental stimuli with the values for manipulated and controlled variables is given in 10 Appendix A. For each word, a visual and an auditory stimulus were created for the direct copy 11 transcoding and the spelling-to-dictation task respectively. the participants the spelling-to-dictation task was conducted before the direct copy transcoding 22 task. We choose this method instead of counterbalancing the administration of the tasks to avoid 23 11 SPELLING DEFICITS IN CHILDREN WITH DYSLEXIA some children (those children performing the copying task in the first place) being exposed to the 1 orthographic representations of the words before the spelling-to-dictation task.
2
The first author tested all participants in a quiet room at their school. In the spelling-to-3 dictation task, each trial started with the simultaneous presentation of an auditory signal and a 4 500-millisecond fixation point. The auditory stimulus was presented 500 milliseconds after the 5 offset of the fixation point. Participants had to write the word in lower case on a lined sheet of 6 paper placed over the digitizer as quickly and as accurately as possible. When they finished a 7 response, participants were instructed to hold the pen over the next line of the response sheet, but 8 without making any contact with the paper. Then the tester clicked the left button of the mouse to 9 start a new stimulus. In the direct copy transcoding task, a trial started with the same auditory 10 signal and fixation point as in the spelling-to-dictation task and was followed by a 500-11 milisecond white screen. Then, the visual stimulus was presented in black upper-case Calibri 60 12 point font on a white background and it remained onscreen until the next trial started. The 13 instructions given to the participants were the same as in the spelling-to-dictation task. Their 14 attention was called to the fact that they had to write the words in lower case, in spite of the fact 15 that they would see the stimulus in upper case. The experiment lasted around 20 minutes. The statistical analyses were conducted on written latencies, whole-word writing 19 durations, in-air pen durations, in-air pen trajectories and errors. Only correct responses were 20 included in these analyses. Responses containing misspellings, self-corrections or those in which 21 a recording error occurred were considered errors and removed from these analyses (11.87%). 4,483,519; p < .001 (Estimate = 205.63), were significant. Pairwise comparisons showed that the 10 CA group initiated the response significantly faster than the DD group, t(25.2) = 3.56, p < .005, 11 and the RA group, t(27.85) = 4.3, p < .005. Longer written latencies were observed in the direct 12 copy transcoding task than in the spelling-to-dictation task. Low-frequency words were slower 13 than high-frequency words, P-O inconsistent words were slower than consistent words and long 14 words were slower than short words. However, several significant interactions modulated these 15 effects. The interaction between P-O consistency and group was significant, F(2, 3,047.52) = 16 12.05; MSE = 2,187,235; p < .001 (Estimate = 166.22) . This interaction was also modified by a 17 marginally significant three-way interaction Task x P-O consistency x Group, F(2, 3, revealed that the word length effect had a significantly larger effect in the copying task for all the 7 groups. For the CA group this difference was smaller than for the RA group, t(25.62) = 3, p < .05 8 and (marginally) the DD group, t(23.88) = 2.2, p = .08 . 
Writing Durations and In-air Pen Durations

13
Writing durations refer to the time between the first pen down produced in a word and 14 the last pen lift in the same word. In air-pen durations refer to the total time within a word that 15 the pen did not make contact with the tablet. The main effects of word length and P-O 16 consistency were significant and marginally significant respectively in the analysis conducted on 17 writing durations. Word length was also significant when only in-air pen time was considered.
18
However, these effects involve comparisons between different words, so they are likely to reflect 19 differences in the duration of the hand movements required to produce different letters. The most 20 obvious example is the word length effect, which it is clearly related to the fact that more letters 21 have to be produced in long words. We will only comment on those effects arising from the SPELLING DEFICITS IN CHILDREN WITH DYSLEXIA comparison of the same words to ensure effects are not due to differences in the motor patterns 1 required to produce those words.
2
The main effect of group significantly affected writing durations, F(2, 57) = 16.19; MSE 3 = 6,112,989; p < .001 (Estimate = 1,169.82). Children in the RA group produced longer writing 4 durations than children in the CA group, t(34.4) = 5.73, p < .001 and children in the DD group, 5 t(38) = 3.64, p < .001. There was not a significant difference between the CA and the DD group 6 in this variable, t < 1. Group did not differ in in-air pen durations, F = 1.27. The main effect of 7 task was significant in the writing durations' analysis, F(1, 3,286.1) = 114.31; MSE = 8 43,169,369; p < .001 (Estimate = 64.07) and marginally significant in the in-air pen durations 9 analysis, F(1, 3,020.08) = 3.06; MSE = 1.14; p = .06 (Estimate = -.055). Writing and in-air pen 10 durations were longer in the spelling-to-dictation task than in the copying task. P-O consistency 11 interacted with group, F(2, 3,285.7) = 6; ; MSE = 2,264,883; p < .001 (Estimate = 92.58).
12
Pairwise comparisons showed that only the RA group showed a significant effect of P-O 13 consistency in both writing durations, t(19) = 2.42, p < .05 and in-air pen durations, t(19) = 3.93, 14 p < .001. A significant interaction between word length and group was found on the writing 15 durations analysis, F(2, 60.3) = 16.73; MSE = 6,317,007; p < .001 (Estimate = 459.52).
16
Although the word length effect involves comparing different words, we will comment on 17 the interaction between this effect and group because it reflects a significant difference between 18 groups in the extent they are affected by this variable. Writing durations produced by the RA 19 group were more affected by word length than those produced by the CA group, t(19) = 6.17, p < writing durations in both the direct copy transcoding task, t(19) = 5.54, p < .001 and the spelling-1 to-dictation task, t(19) = 5.33, p < .001. For the RA group this effect was significant in the 2 copying task, t(19) = 2.36, p < .001 but not in the spelling-to-dictation task, t < 1. The DD group 3 showed a significant word frequency effect on copying, t(19) = 3.05, p < .01 and a marginally 4 significant effect in spelling-to-dictation, t(19) = 1.95, p < .07. Table 4 shows the mean percentage of errors for each condition and group. The main 10 effect of group was significant, χ 2 (16) = 46.47, p < .001 (Estimate = -0.453). Pairwise 11 comparisons showed that the CA group made fewer errors than the DD group, t(25.92) = 6.33, p 12 < .001 and the RA group, t(27.49) = 3.29, p < .01. Moreover, the DD group made more errors 13 than the RA-matched controls, t(37.54) = 2.51, p < .001. The main effects of P-O consistency, 14 χ 2 (10) = 48.98, p < .001 (Estimate = -.000) and task, χ 2 (10) = 98.55, p < .001 (Estimate = .006).
15
were also significant. More errors were made in P-O inconsistent words and in the spelling-to-16 dictation task. There was a significant interaction between these effects, χ 2 (4) = 20.49, p < .001 17 (Estimate = .019), revealing that the P-O consistency effect was significant only in the spelling-18 to-dictation task, t(37.54) = 2.71, p < .001. No other effect was significant. 
